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A technique to etch GaP by reactive ion etching was developed and the effects of different etching
parameters were studied. Also, selective etching of GaP over AlGaP was examined and
demonstrated. Etching is achieved by using SiCl4 , which will react with GaP to form volatile
compounds. Selective etching is accomplished when SiF4 is used in addition to SiCl4 . The addition
of the fluorine-based gas will result in a nonvolatile etch-inhibiting layer, AlF3 , when aluminum is
present on the sample surface. By adjusting etching parameters, a selectivity as high as 126 is
demonstrated. The presence of the AlF3 etch-inhibiting layer is verified by Auger electron
spectroscopy, and the removal of this layer by buffered oxide etch is demonstrated. In addition, a
direct comparison of etch rates for GaP and GaAs was made, and etch rates were found to be similar.
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Etching and selective etching are important aspects of
semiconductor processing. Photonic devices such as vertical
cavity surface emitting lasers, transport devices such as het-
erojunction bipolar transistors, and even microelectrome-
chanical systems require the capability of etching and selec-
tive etching. Selective etching has been achieved with
various materials heteroepitaxially grown on GaAs,1–5 InP,6,7
InAs,8 and GaN ~Refs. 9 and 10! material systems. With
regard to the GaP-based material system, some groups have
reported the ability to wet etch both GaP and AlGaP and
have reported etching selectivity of AlGaP over GaP.11–14
However, selective removal of GaP on AlGaP and dry etch-
ing of GaP have not been demonstrated.
Etching of the GaAs/AlGaAs material system has been
achieved by dry etching using chlorine-based gases and se-
lective etching has been performed using a mixture of
chlorine- and fluorine-based gases. This etch chemistry has
been used to demonstrate a selectivity of GaAs over AlGaAs
as high as 500.1 Some gas choices are BCl3 or SiCl4 for the
chlorine source and SF6 or SiF4 for the fluorine source or
CCl2F2 as a source for both elements.1–4 In reactive ion etch-
ing ~RIE!, chlorine-based gasses are effective etchants of
both GaAs and AlGaAs because of the formation of volatile
compounds GaCl3 , AlCl3 , and AsCl3 .15 However, fluorine
will react with aluminum and form a nonvolatile compound
AlF3 , which is not removed in standard chlorine plasmas.2 If
the F:Cl ratio is high enough, a uniform AlF3 layer will form
which will effectively stop the etching of the aluminum-
based material altogether. Hence, etching selectivity is
achieved. In this article, we report the selective etching of
GaP on AlGaP by RIE using a mixture of SiF4 and SiCl4 .
We also show that GaP can be easily etched, having etch
rates similar to those of GaAs under identical processing
conditions.
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The AlGaP material used in these experiments was grown
by metalorganic chemical vapor deposition. The first sample
consisted of 5000 Å Al0.6Ga0.4P on a GaP substrate. An ad-
ditional sample was grown in which 5000 Å of Al0.6Ga0.4P
was buried beneath 1000 Å of GaP on a GaP substrate. The
first sample was used to measure the etch rate of Al0.6Ga0.4P.
The second sample was used to verify that a buried
Al0.6Ga0.4P layer had the same etching behavior as the ex-
posed layer does and to assure selectivity was not due to any
native surface oxide. The GaP material used for the study
was n-type substrate material and GaAs was semi-insulating
substrate material. All samples utilized on-axis ~100! sub-
strates. Samples were prepared by first cleaning with sol-
vents. Then, standard photolithography was performed to
create a photoresist mask consisting of 50 mm stripes sepa-
rated by 50 mm. After etching, the photoresist was removed
with a photoresist stripper and etch depths were measured
using a surface profilameter. Immediately prior to the etch-
ing, the native oxide was removed with a 50 s cleaning in
buffered oxide etch ~BOE! diluted ~1:10! with deionized ~DI!
water for GaP while the GaAs samples were cleaned in hy-
drochloric acid diluted ~1:10! with DI water for 60 s. No
attempt was made to remove the native oxide from the sur-
face of the Al0.6Ga0.4P because any such etch would also etch
the aluminum bearing layer and affect the results. Rather,
results were verified by etching a sample with a buried
Al0.6Ga0.4P layer under 1000 Å of GaP, as mentioned above.
The RIE reactor used in this experiment was a load-locked
Plasma Technology RD 800. Before each etch the chamber
was pumped to a base-line pressure of approximately 5
31025 Torr. Following the RIE process, some samples were
briefly dipped in the same BOE solution to test the effective-
ness of removing the AlF3 layer. Auger analysis was per-
formed to examine the effectiveness of the postetch BOE
dip.
Various process conditions were explored for this study.
The F:Cl ratio was varied among pure flourine, 9:1, and 4:1.22522Õ206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constant flow rate of 2 sccm while SiF4 was changed to 8 or
18 sccm. The rf power was varied between 30 and 60 W and
the chamber pressure was varied between 20, 40, and 60
mTorr. Various conditions were tested to obtain the selectiv-
ity and calculate the etch rate for GaP. For comparison, GaAs
was etched concurrently and the results were compared. In
addition, to test the etching capability of SiF4 on GaP, one
sample was etched in a SiF4 plasma with process conditions
of 18 sccm SiF4 flow, 40 mTorr chamber pressure, and 30 W
power. Table I lists the different tests that were performed.
III. RESULTS AND DISCUSSION
The etching of GaP using SiCl4 and SiF4 was studied
under various conditions. As mentioned above one sample
was etched using only SiF4 . No etching was seen indicating
that fluorine does not contribute to the etching of these ma-
terials and is only useful in the reaction with aluminum for
selective etching purposes. The results of changing process
pressure and power on etch rates using a 9:1, SiF4 :SiCl4 gas
mixture can be seen in Fig. 1. Figure 1~a! shows the etch
rates of GaP, GaAs, and Al0.6Ga0.4P with respect to pressure
at a power of 30 W. Due to extremely slow etch rates for
Al0.6Ga0.4P, those numbers are multiplied by 5 so they can
be readily readable in Fig. 1~a!. From the plot it can be seen
that GaAs had a consistently faster etch rate, which was
;50% greater than that of GaP. It can also be seen that the
etch rate gradually increased with pressure. GaP etch rates
varied from 49 to 81 nm/min, while GaAs etch rates varied
from 69 to 129 nm/min. Figure 1~b! shows the same process
with 60 W of power. Under these conditions it can be seen
that the etch rates of GaP and GaAs are much closer and are
almost equal at the highest pressure condition, 135 nm/min
compared to 142 nm/min for GaP and GaAs, respectively. It
can also be seen that pressure has a much greater effect on
etch rate at the higher power condition with the etch rate
increasing more then 50%, from 84 to 135 nm/min for GaP,
when the pressure is increased from 40 to 60 mTorr. In all
cases it can be seen that the etch rate of Al0.6Ga0.4P is very
slow, ranging from 0.6 to 2.8 nm/min. This slow etch rate
makes high selectivity possible.
TABLE I. Experiments performed and etch parameters used to determine etch
rate and selectivity of GaP over Al0.6Ga0.4P.
F:Cl ratio rf power ~W! Chamber pressure ~mT! Materials etched
9:1 30 20 GaP, GaAs, AlGaP
9:1 30 40 GaP, GaAs, AlGaP
9:1 30 60 GaP, GaAs, AlGaP
9:1 60 20 GaP, GaAs, AlGaP
9:1 60 40 GaP, GaAs, AlGaP
9:1 60 60 GaP, GaAs, AlGaP
4:1 30 40 GaP, GaAs, AlGaP
4:1 30 60 GaP, GaAs, AlGaP
4:1 60 60 GaP, GaAs, AlGaP
F only 30 40 GaP, AlGaPJVST B - Microelectronics and Nanometer StructuresSelectivity was measured by comparing results of
Al0.6Ga0.4P and GaP samples etched under identical condi-
tions. Effects of process parameters are demonstrated in Fig.
2. With a F:Cl ratio of 9:1, the selectivity does not change
greatly with a change in pressure when using the lower
power setting of 30 W. However, when 60 W is used the
selectivity is very dependent on pressure with a maximum
value of 124 at a pressure of 60 mTorr. For pressure values
of 20 and 40 mTorr, lower selectivity was noticed at the
higher power condition due to a higher Al0.6Ga0.4P etch rate
FIG. 1. Etch rate as a function of chamber pressure of GaP, GaAs, and
Al0.6Ga0.4P for samples etched with ~a! 30 W and ~b! 60 W of power with a
F:Cl ratio of 9:1. With a power of 60 W, GaP etches at nearly the same rate
as GaAs. Notice the Al0.6Ga0.4P etch rates are multiplied by 5 to make them
more visible in comparison.
FIG. 2. Etch selectivity for GaP over Al0.6Ga0.4P vs chamber pressure for
power of 30 and 60 W with F:Cl ratios of 4:1 and 9:1. A maximum selec-
tivity of 126 was achieved with a F:Cl ratio of 4:1, 60 W of power, and 60
mTorr chamber pressure.
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are analogous. It can be noted that the etch rate of
Al0.6Ga0.4P was very similar for the two different ratios of
F:Cl. However, for certain conditions the etching of GaP can
be slightly faster with a lower F:Cl ratio due to less diluting
of the etching gas. This is seen in Fig. 2 for the low-power
etch in which the maximum selectivity rises from 81 to 107
when the F:Cl ratio lowers to 4:1. The maximum selectivity
achieved at 60 W of power and a ratio of 4:1 was 126. This
indicates that even with a lower amount of fluorine in the gas
mixture, AlF3 is still able to form without difficulty. More on
the formation of AlF3 will be discussed in the next section.
To verify that the selectivity has little to do with the native
surface oxide on the Al0.6Ga0.4P layer, several etches were
performed in which the Al0.6Ga0.4P layer was buried beneath
1000 Å of GaP. The etch properties of these samples were
consistent with those samples with a single Al0.6Ga0.4P layer.
IV. FORMATION AND REMOVAL OF ETCH STOP
LAYER
The mechanism for this GaP/AlGaP selective etch is in
the formation of the AlF3 etch-inhibiting layer on AlGaP.
Under the plasma etching conditions, the presence of alumi-
num in the sample and fluorine in the plasma make possible
the formation of AlF3 that cannot be etched chemically by
either SiF4 or SiCl4 . Thus, an etch stop layer is formed that
will prevent any further etching into AlGaP. The important
factor in the formation of this etch stop layer is the presence
of enough aluminum and fluorine to form the etch stop layer
before the chlorine can etch away the aluminum present on
the surface. Thus, higher amounts of aluminum and fluorine
are necessary for the etch stop layer formation. In this work,
an Al0.6Ga0.4P sample and a SiF4 /SiCl4 plasma with a F:Cl
ratio as low as 4:1, was found to contain a sufficient amount
of aluminum and fluorine to form an etch stop layer before
further etching could occur. The presence of this etch stop
layer can clearly be seen in Fig. 3. Figure 3~a! shows Auger
electron spectroscopy ~AES! data of the Al0.6Ga0.4P sample
following a typical etch. Aluminum, fluorine, oxygen, and
carbon are the major elements detected with a very small
gallium peak. This indicates very clearly the formation of an
aluminum/fluorine-based layer on the surface. Meanwhile
any trace of gallium on the surface that is not protected by
the etch stop layer is etched away.
For device factors, the AlF3 by-product etch stop layer
may not be desirable. Therefore, it is important to ensure this
etch stop layer can be removed from the sample to prevent
any adverse electrical or optical effects of this layer. To re-
move the etch stop layer, a 2 s dip in BOE diluted ~1:10!
with DI water was used. The AES data for the sample after
this process is shown in Fig. 3~b!. It is seen that the fluorine
originally present on the surface is completely removed after
the dip in BOE, as is a large amount of aluminum. Also, the
gallium and phosphorus peaks increase to be slightly higher
then the aluminum peak. One negative effect of the BOE dip
is that it will also etch AlGaP. Thus, the BOE surface treat-
ment must be controlled.J. Vac. Sci. Technol. B, Vol. 20, No. 6, NovÕDec 2002V. CONCLUSION
This work demonstrated the capability to etch GaP using
RIE techniques and to do so in a way that will not etch an
AlGaP layer buried underneath. This selective etching was
performed using a mixture of SiCl4 and SiF4 , in which the
SiCl4 was the etching agent. The released chlorine ions react
with aluminum, gallium, and phosphorous to etch the mate-
rial. However, the SiF4 reacts with aluminum to form non-
volatile AlF3 . This material is not etched in RIE by either
gas and is thus only removed by sputtering. As a result, the
etch rate becomes extremely slow and a high etch selectivity
is achieved. It is important to be able to remove this etch stop
layer for purposes of device fabrication, and this was found
to be possible with a surface treatment using diluted BOE.
Thus, the capability to selectively etch GaP over AlGaP has
been demonstrated and the nonvolatile etch-inhibiting layer
can be easily removed.
ACKNOWLEDGMENTS
The authors would like to thank the staff at the Materials
Research Laboratory, and Nancy Finnegan for technical as-
sistance. The AES was carried out in the Center for Mi-
croanalysis of Materials, University of Illinois, which is sup-
ported by the U.S. Department of Energy under Grant No.
DEFG02-91-ER45439. This work is supported by DARPA
under Grant No. DAAG55-98-1-0303.
FIG. 3. AES of RIE etched Al0.6Ga0.4P layer ~a! before and ~b! after a short
dip in diluted BOE. Notice the large presence of Al and F and absence of Ga
and P on the surface of the as-etched sample. This is exactly opposite after
the diluted BOE surface treatment.
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